A biplane cinefluorographic technic for measuring ventricular volume is described and its accuracy and limitations are assessed. Although rather complicated and time-consuming at present, the method permits construction of volume curves and estimation of stroke volume of the left ventricle for several successive contractions in the intact animal or man. This method may prove ultimately for diagnostic purposes.
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THE lack of a means of following change from instant to instant in left ventricular volume in the intact animal constitutes a major technologic barrier to further advance in mammalian cardiovascular physiology. Anapproach to this problem has been made, both in the dog and in the human being, utilizing biplane cinefluorography. The following account describes the method and the matheinatical treatment needed to convert biplanar ventricular images to 3-dimensional ones.
BACKGROUND
The photographic method itself is old. The moving-picture technic was demonstrated in satisfactory form for the first time in 1889, 6 years before Roentgen discovered x-rays. In 1897, when neither moving pictures nor x-rays had widespread application, Macli- tyre' attempted to combine the 2 technics so that a continuous record of the movement of internal organs could be obtained. Eykman2 was the first to use a movie technic for studying the motion of the heart, although Groedel3 was experimenting with serial roentgenography for the same purpose at about the same time. Indirect cineroentgenography, in which a fluoroscopic screen is photographed (rather than causing x-rays to impinge di- Supported by a grant from the Dallas Heart Association. most useful for physiologic research and reetly on photographic film) was accomplished by Loman and Comandon4 in 1911. They recognized many of the difficulties that persist to this day, but were able to photograph the movement of a monkey 's heart at 8 to 10 frames a second. In 1926, Chamberlain and Dock5 used a form of roentgencinematography for the study of the heart. Later, Luboshez6 improved the optical systems in cinefluoroscopic units. Further improvements followed 7 10 and shortly after World War II, an improved 35 mm. cinefluorograph was developed. [11] [12] [13] Efforts to determine cardiac volume from single x-ray films go back at least to the turn of the century,14 but the first equations for calculating cardiac volume from x-ray films (orthodiagrams) were devised by Geigel15 in 1914 . His prime assumption was that the heart can be treated mathematically as a sphere: Probably the most significant of the earlier attempts of this sort was Rohrer'S.17 He Left ventricular function in the living animal was studied in mongrel dogs, weighing from 10 to 15 Kg. After anesthesia with intravenous sodium pentobarbital and endotracheal intubation, an injection cannula was placed in the inferior vena cava or in the pulmonary artery. A smaller catheter was passed from the femoral artery iinto the aortie arch for recording of aortic pressure. In a few instances a short PE-90 catheter was passed through the chest wall directly into the left ventriele by means of a thin-walled 16 gage needle. The dog was suspended before the cameras by iceans of a special body sling in as natural a position as possible. The optimal position for biplanar visualization of the dog's heart provides riight and left anterior oblique views of very satisfactory quality, provided the forelegs and scapulae are drawn well out of the way.
Once the animal was in position, the injection catheter was connected to a Rodriguez-Chavez Dorbecker type of pneumatic injection machinel oaded with 15 to 20 fig. 2) . A monitoring circuit fronm the primary winding of the x-ray transformer, also feeding into the recorder, was arranged so that the instant at which one of the x-ray tubes fired was signalled on the pressure record ( fig. 2 ).
The usual x-ray settings for the dog studies are 120 kv. and 150 ma. at 30 frames per second. Film records usually extend over 6 to 10 seconds, care being taken to obtain the desired temporal relation between injection of radiopaque medium and the beginning of the film record.
The 16 1 able with about equal facility, the Simpson's Rule method giving a slightly better performance than the area product one.
In the case of the cast of a canine left ventricular cavity, both methods produced overestimates of volume, the area product method being the more inaccurate. Since the heart was a small one (17.5 cm.3 as determined by displacement), it may be that the equation used was inapplicable. The material from which it was derived consisted of a series of living canine hearts, all larger than the one used for the east. In any case, area product volumes were too high as compared to actual volume, but the area product volume curve 
